The family Botryosphaeriaceae encompasses important plant-associated pathogens, endophytes and saprobes with a wide geographical and host distribution. Two dark-spored botryosphaeriaceous taxa associated with Rhus typhina dieback and canker disease were collected from Ningxia Province, in northwestern China. Morphology and multigene analysis (ITS, LSU and EF-1α) clearly distinguished this clade as a distinct species in the genus. Phaeobotryon rhois is introduced and illustrated as a new species in this paper. The species is characterized by its globose, unilocular fruiting bodies and small, brown, 1-septate conidia. It can be distinguished from the similar species P. cercidis, P. cupressi, P. mamane and P. quercicola based on host association and conidial size and colour.
Introduction
Phaeobotryon (Botryosphaeriaceae) was established by Theissen & Sydow (1915) to accommodate Dothidea cercidis Cooke and subsequently entered a long period of confusion with a broad concept of the Botryosphaeria species. Phillips et al. (2008) redefined Phaeobotryon using the characteristic of 2-septate, brown ascospores, with bipolar conical apiculi. Phaeobotryon is a monophyletic genus with a single name for both sexual and asexual morphs , Liu et al. 2012 . Seven Phaeobotryon epithets are listed in Index Fungorum (2015) while Kirk et al. (2008) estimated there are four species. Sequence data or living cultures, are however, available for only a very few species and many taxa need verification. Recent studies suggest that this genus comprises four species (P. cercidis Cooke, P. cupressi Abdollahzadeh et al., P. mamane Crous & Phillips and P. quercicola (Phillips) Crous & Phillips) , of which only two species (P. cupressi and P. mamane) have been verified and studied based on available living cultures (Phillips et al. 2005 Abdollahzadeh et al. 2009 ). Until now, Phaeobotryon has been recorded from Cercis canadensis L., Cupressus sempervirens L., Juniperus scopulorum Sargent, Quercus sp. and Sophora chrysophylla (Salisb.) Seem. only in Germany, Iran and the USA (Abdollahzadeh et al. 2009 . Although Phaeobotryon species have been isolated from diseased plants, their pathogenicity has not been tested and their role as causal agents of disease is unresolved.
During an investigation of forest pathogens that cause canker or dieback disease in China, two Phaeobotryon specimens were collected from Rhus typhina L. in Yinchuan City, Ningxia Province, China. This species is characterized by globose, unilocular, fruiting bodies and brown, 22 × 11 μm, ellipsoid to oblong, 1-septate conidia. Phylogenetic analysis inferred from combined ITS, LSU and EF-1α sequence data provided strong support that this is a new species. We introduce Phaeobotryon rhois sp. nov. in this paper with a description and illustrations and compare it with other species in the genus.
DNA extraction, PCR amplification and sequencing
Genomic DNA was obtained from colonies grown on PDA with cellophane using a modified CTAB method (Doyle and Doyle 1990) . DNA concentrations were estimated by electrophoresis in 1.2 % agarose gels, qualities were measured with a NanoDrop™ 2000 (Thermo, USA) according to the user's manual (Desjardins et al. 2009) , and DNA was stored at -80°C. The PCR amplifications were performed in a DNA Engine (PTC-200) Peltier Thermal Cycler (Biorad Laboratories, CA, USA). ITS, LSU and EF-1α sequence data were generated in this study. The ITS region was amplified using ITS1 and ITS4 primers (White et al. 1990 ). The LSU region was amplified using NL1 and NL4 primers (O'Donnell 1993) . The EF-1α region was amplified using EF1-688F and EF1-1251R primers . The PCR amplification products were visually estimated by electrophoresis in 2 % agarose gels. DNA sequencing was performed using an ABI PRISM® 3730XL DNA Analyzer with the BigDye® Terminater Kit v.3.1 (Invitrogen), and all primers were synthesized by Invitrogen Biotech Co. Limited (Beijing, China).
DNA sequence analysis
The DNA sequences generated by the forward and reverse primers were used to obtain consensus sequences using Seqman v.7.1.0 (DNASTAR Inc, Madison, USA). Subsequently, the sequences that included reference sequences from GenBank were aligned using MAFFT v.6 (Katoh & Toh 2010) , and the alignments were then edited manually using MEGA v.6 (Tamura et al. 2013) . A partition homogeneity test (PHT) test with heuristic search and 1,000 homogeneity was performed using PAUP v.4.0b10 to test the discrepancy among the ITS-LSU and EF-1α in reconstructing phylogenetic trees. Phylogenetic analysis was performed with PAUP v.4.0b10 for maximum parsimony (MP) analysis (Swofford et al. 2003) , MrBayes v.3.1.2 for Bayesian inference (BI) analysis (Ronquist & Huelsenbeck 2003) and PhyML v.3.1 for maximum likelihood (ML) analysis (Guindon et al. 2010) . The analysis was performed on the multilocus alignments (ITS, LSU, and EF-1α). Melanops spp. (Melanopsaceae) and Saccharata sp. (Saccharataceae) belonging to the order Botryosphaeriales were selected as outgroups . The illustrated trees were drawn with Figtree v.1.3.1 (Rambaut & Drummond 2010) .
MP analysis was run using the heuristic search option of 1000 random-addition sequences and tree bisection and reconnection (TBR) as the branch-swapping algorithm. All detected insertion-deletion events (Indels) were coded using the simple code method in the GapCoder software (Young & Healy 2003) . The branches of zero length were collapsed, and all parsimonious trees were saved. Clade stability was assessed using a bootstrap analysis of 1000 replicates (Hillis & Bull 1993) . Other parsimony scores that were calculated included the length (TL), consistency index (CI), retention index (RI) and rescaled consistency (RC). The ML analysis was also performed using PhyML v.3.1 using a GTR model of site substitution that included estimation of the gamma-distributed rate heterogeneity and a proportion of invariant sites (Guindon et al. 2010) . The branch support was evaluated with a bootstrapping method of 100 replicates (Hillis & Bull 1993) . The Bayesian analysis was performed with a Markov Chain Monte Carlo (MCMC) algorithm with Bayesian posterior probabilities (Rannala & Yang 1996) . The model of nucleotide substitutions was estimated with MrModeltest v.2.3 (Posada and Crandall 1998) , and a weighted Bayesian analysis was considered. Two MCMC chains were run from random trees for 10 6 generations, and the trees were sampled every 100 th generation, which resulted in 10 4 total trees. The first 25 % of the trees were discarded as the burn-in phase of each analysis, and the posterior probabilities were calculated using the remaining 7500 trees.
All sequence data from this study have been deposited in GenBank, the multi-gene sequence alignment files have been deposited in TreeBASE (www.treebase.org) under accession number S16768, and the taxonomic novelty has been deposited in MycoBank (Crous et al. 2004) and Faces of Fungi (www.facesoffungi.org).
Results
The combined ITS, LSU and EF-1α region dataset from 63 ingroup taxa representing 47 clades residing in primary 17 genera of Botryosphaeriaceae is listed in Table 1 . A partition homogeneity test (PHT) was not significant (P = 0.012 > 0.01) indicating that the individual datasets were congruent and produced trees with the same topologies. Following alignment, the combined dataset had a length of 1502 characters, including the coded alignment gaps. Of these characters, 939 were constant, and 102 were variable and parsimony-uninformative. MP analysis of the remaining 461 parsimony-informative characters resulted in six equally parsimonious trees of 1884 lengths (CI = 0.503, RI = 0.807, RC = 0.406); the generated phylogram is shown in Fig. 1 . The ML analysis was run using the general time reversible (GTR) model of DNA evolution, which applies a discrete gamma distribution with six rate categories (GTR+Γ+G), and resulted in an MP tree with the same topology as the presented tree. The BI analysis resulted in the same topology with an average standard deviation of split frequencies = 0.009984. The MP bootstrap support (BT) and ML were equal to or above 70 % and 75 %. The branches with significant Bayesian posterior probabilities (BPP) equal to or above 0.95 are thickened in the phylogram.
The two isolates of Phaeobotryon rhois from Rhus typhina clustered in the subclade of Phaeobotryon and are distinct from P. mamane and P. cupressi. The two strains clustered in an individual clade representing a novel species with high support values (100 for BT and 1.00 for BPP); this is also supported by morphology. Differs from Phaeobotryon spp. by its globose, unilocular fruiting body, size of conidia (22 × 11 μm in average) and host. Etymology:-rhois, referring to the host Rhus typhina L.
Holotype:-BJFC-S1007.
Original description:-pathogen on twigs and branches of Rhus typhina. Sexual morph: Undetermined. Asexual morph: Conidiomatal stromata immersed in bark, erumpent slightly from surface of the bark, separate or aggregated, globose, dark-brown to black, unilocular, up to 380 μm diam, wall consisting of 4-6 layers of dark-brown cells textura angularis. Ostiole in the center of the disc, inconspicuous, at the same level as the disc surface, surrounded below disc by lighter entostroma, (17.2-)18.9-21.3 (-22.8 Culture characteristics:-colonies were originally white, and produced dark green to black pigments after 7-10 days. Texture felty with appressed mycelial mat and fluffy aerial mycelium in the centre, edges smooth. Colonies covering the 90 mm diameter Petri-dish after 3 day in the dark at 25 ºC.
Habitat/Distribution:-known from twigs and branches of Rhus typhina in China. 
Discussion
Species of Botryosphaeriaceae (Ascomycota) are cosmopolitan in their distribution and occur on a wide range of host plants. The family has been unsettled until Liu et al. (2012) listed all of the various primary treatments and redefined 29 genera using multilocus phylogenetic analysis, as well as examinations of the types of genera. However, the interrelations of several genera remained disordered, and Liu et al. (2012) noted that it is likely that Botryosphaeriales comprised more families (Crous et al. 2006) . Subsequently, Slippers et al. (2013) introduced three families namely Aplosporellaceae, Melanopsaceae and Saccharataceae for Botryosphaeriales and this is followed in the outlines of Dothideomycetes in Hyde et al. (2013) and Wijayawardene et al. (2014) . Phillips et al. (2013) established a starting point for the resolving genera; these authors considered the accepted genera and species with taxonomic evidence and living cultures, rather than the older taxa, which lacked definitions, unless they had been epitypified. The results cleared up much confusion and resulted in a total of 17 genera that were phylogenetically recognized within Botryosphaeriaceae; this classification focused on species with cultures. Abdollahzadeh et al. (2009) accepted P. cercidis (only sexual morph known), P. cupressi (only asexual morph known), P. mamane and P. quercicola in the genus Phaeobotryon. Phillips et al. (2013) illustrated that P. cupressi and P. mamane known in culture. Molecular data from this study are used in the phylogram in Fig. 1 . The current study introduces a novel species, P. rhois, which causes torched tree cankers and is distinguished from other species based on host association, and fruiting body and spore characteristics (Table 2) . Phaeobotryon rhois is similar to P. cupressi, however, the conidia of P. rhois are initially hyaline, aseptate and become brown and 1-septate when mature; the sporulation is shown in Fig. 2E . Comparatively, P. cupressi conidia rarely become brown and 1-septate and clearly produce microconidia and microconidiomata (Abdollahzadeh et al. 2009 . Phaeobotryon rhois was isolated from diseased twigs and branches of Rhus typhina with obvious canker symptoms ( Fig. 2A) . However, it has not been determined if this species is pathogenic, as is true of other Phaeobotryon species. The taxonomy of species requires a robust sampling from a wide distribution range and consequent pathogenicity testing as in other well-studied botryosphaeriaceous fungi. Future studies should clarify the species diversity in this genus and improve the understanding of its disease importance.
